Objectives: To characterize the landscape of process of care and safety outcomes for tracheal intubation across pediatric intensive care units Background: Procedural process of care and safety outcomes of tracheal intubation across pediatric intensive care units has not been described. We hypothesize that the novel National Emergency Airway Registry for Children registry is a feasible tool to capture tracheal intubation process of care and outcomes. Design: Prospective, descriptive. Setting: Fifteen academic PICUs in North America. Patients: Critically ill children requiring tracheal intubation in PICUs. Interventions: Tracheal intubation quality improvement data were prospectively collected for all initial tracheal intubation in 15 PICUs from July 2010 to December 2011 using the National Emergency Airway Registry for Children tool with explicit site-specific compliance plans and operational definitions including adverse tracheal intubation associated events. Measurement and Main Results: One thousand seven hundred fifteen tracheal intubation encounters were reported (averaging 1/3.4 days, or 1/86 bed days). Ninety-eight percent of primary tracheal intubation were successful; 86% were successful with less than or equal to two attempts. First attempt was by pediatric residents in 23%, pediatric critical care fellows in 41%, and critical care attending physicians in 13%: first attempt success rate was 62%, first provider success rate was 79%. The first method was oral intubation in 1,659 (98%) and nasal in 55 (2%). Direct laryngoscopy was used in 96%. Ninety percent of tracheal intubation were with cuffed tracheal tubes. Adverse tracheal intubation associated events were reported in 20% of intubations (n = 372), with severe tracheal intubation associated events in 6% (n = 115). Esophageal intubation with immediate recognition was the most common tracheal intubation associated events (n = 167, 9%). History of difficult airway, diagnostic category, unstable hemodynamics, and resident provider as first airway provider were associated with occurrence of tracheal intubation associated events. Severe tracheal intubation associated events were associated with diagnostic category and pre-existing unstable hemodynamics. Elective tracheal intubation status was associated with fewer severe tracheal intubation associated events. Conclusions: National Emergency Airway Registry for Children was feasible to characterize PICU tracheal intubation procedural process of care and safety outcomes. Self-reported adverse tracheal intubation associated events occurred frequently and were associated with patient, provider, and practice characteristics. (Crit Care Med 2013; 41:874-885) 
www.ccmjournal.org 875 E mergent tracheal intubation is a life-saving procedure performed for a wide range of indications with wellrecognized associated risks in critically ill children and adults (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . However, the landscape of safety and process of care for this procedure in diverse PICUs has not been reported. Single-center data from a large tertiary PICU demonstrated that adverse tracheal intubation associated events (TIAEs) are common, occurring in approximately 20% of tracheal intubation attempts, with 3% of these complications characterized as severe (15) . A similar incidence of TIAEs has been reported in pediatric patients undergoing tracheal intubation prior to referral to a tertiary PICU (16) . Another single-center retrospective study demonstrated tracheal intubation procedural complications in over 40% of urgent PICU intubation attempts (9) . As demonstrated in these single-center investigations, it is likely that substantial variation exists across PICUs in both the safety and process of tracheal intubation. There are a number of possible factors that may contribute to the variation associated with tracheal intubation across centers, but three potentially major direct driving factors include patient condition, provider competence and practice/ planning (15) .
To characterize the process and safety of the tracheal intubation procedures across a diverse spectrum of PICUs in North America, the Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) Network adopted and modified the National Emergency Airway Registry (NEAR) tools (17) (18) (19) (20) (21) , creating the NEAR4KIDS, national airway registry for children. This registry was piloted in a large tertiary-care referral center and then implemented across 15 PICUs in North America as a multicenter quality improvement initiative (15) . This project was initiated to better characterize the current landscape of self-reported tracheal intubation process of care and outcomes in the PICUs and identify areas for potential process improvement.
METHODS

Settings
This study was conducted across 15 academic PICUs in North America. Sites were recruited through the PALISI Network (Appendix 1).
Design
The NEAR4KIDS was developed by members of the PALISI Network in conjunction with the NEAR investigators. A data collection form was developed and piloted in a tertiary-care pediatric ICU and refined for the NEAR4KIDS investigators. Institutional Review Board (IRB) approval was obtained at each participating site. Fifteen centers volunteered to participate and maintain high compliance with this quality improvement initiative.
Following each center's IRB approval, each site project leader developed a site-specific compliance plan to ensure greater than 95% tracheal intubation encounter capture rate and the highest accuracy of the data. Two compliance officers reviewed and approved the compliance plan for each site based on the available local resources. Data collection was then initiated for each tracheal intubation that occurred in the PICU at each center.
Definitions and Outcome Measures
Undesired events were a priori defined as TIAEs with two categories: severe TIAEs and nonsevere TIAEs (15, 22) . Severe TIAEs include cardiac arrest, esophageal intubation with delayed recognition, emesis with witnessed aspiration, hypotension requiring intervention (fluid and/or pressors), laryngospasm, malignant hyperthermia, pneumothorax/pneumomediastinum, or direct airway injury.
Nonsevere TIAEs include mainstem bronchial intubation, esophageal intubation with immediate recognition, emesis without aspiration, hypertension requiring therapy, epistaxis, dental or lip trauma, medication error, arrhythmia, and pain and/or agitation requiring additional medication and causing delay in intubation. Mainstem bronchial intubation was considered only when it was confirmed on chest radiograph or recognized after the clinical team secured the tracheal tube.
Three airway-management events Encounter, Course, and Attempt were explicitly defined to describe the event accurately and precisely (15) .
Encounter is defined as one episode of completed advanced airway-management intervention, including tracheal intubation. 'Course' is defined as one method or approach to secure an airway (e.g., oral, nasal, or by bronchoscope) and one set of medications including premedication and induction. 'Attempt' is defined as a single advanced airway maneuver (e.g., beginning with the insertion of the device such as laryngoscope/ laryngeal mask into patient's mouth or nose, and ending when the device is removed).
Multiple attempts may be made within an intubation course. More than one course and multiple attempts can be associated with one encounter. For example, an unsuccessful course of nasal intubation involving three attempts, followed by a successful intubation on the second attempt of a course of rapid sequence intubation (oral) could all occur with one encounter.
Successful airway management was defined as placement of an endotracheal tube in the trachea confirmed by primary (e.g., chest rise, auscultation) and secondary (end-tidal carbon dioxide) methods of confirmation or a laryngeal mask airway in an appropriate supraglottic position with adequate seal.
Process of care variances were defined as more than two attempts per course or desaturation to less than 80% during the course where the saturation was equal or greater than 95% after pre-oxygenation and without pre-existing cyanotic heart disease. Note that desaturation less than 80% alone was not counted as a TIAE. (23) (24) (25) .
Statistical Methods
RESULTS
A total of 1,715 encounters with 1,821 courses were reported during the study period between July 2010 and December 2011. The incidence of the airway management was 1/3.44 days on average, or 1/85.6 bed days. Majority (98%) of the endotracheal intubations were primary oral ( Fig. 1) . Table 1 describes the patient characteristics. The median age of the patients was 1 yr, with 45% of patients having a respiratory diagnosis, and 34% requiring intubation due to respiratory failure. Eleven percent of the patients had a history of a difficult airway.
Patient Characteristics
Outcomes of Endotracheal Intubation
About 98% of the courses were successful. The first airway provider was successful in 62% of his/her first attempt but ultimately successful in 79% of the courses ( Table 2) . About 14% of the courses required three or more attempts for successful airway placement.
Tracheal Intubation Associated Events
Among 1,821 courses, 372 courses were associated with at least one TIAE (average 20.4%, ranging from 0% to 41% of courses per PICU, Table 3 ). Severe TIAEs were reported in 115 courses (average 6.3%, 0%-20% of courses per PICU). Esophageal intubation with immediate recognition was the most commonly reported TIAE (n = 167, 9.2%).
Process Variances
Desaturation less than 80% was reported in 232 initial courses (13.5%). Desaturation was associated with an occurrence of TIAEs (odds ratio: 3.2, 95% confidence interval: 2.3-4.3, p < 0.001) and with an occurrence of severe TIAEs (odds ratio: 2.0: 95% confidence interval: 1.2-3.2, p = 0.004). More than two attempts per course was also associated with an occurrence of TIAEs (odds ratio: 4.8, 95% confidence interval: 3.5-6.4, p < 0.001) and with an occurrence of severe TIAEs (odds ratio: 1.9, 95% confidence interval: 1.1-3.0, p = 0.008). Figure 2 describes the approach to establish stable airways. The majority (>90%) of the initial airway management was achieved with the combination of sedation and paralysis (neuromuscular blockade). A vagolytic (anticholinergic) medication to prevent vagal response during laryngoscopy or tracheal intubation was utilized in approximately one-third of all encounters (46% in infants < 1 yr old, 28% in children from 1 to 17 yr old). Fentanyl, midazolam, and ketamine were most often used as induction medications, whereas etomidate was rarely used (1.5% of all initial courses). Succinylcholine was used in less than 1% of endotracheal intubations. Direct laryngoscopy was used in more than 95% of the initial courses, and cuffed tracheal tubes were used in 90% of the initial courses. Table 4 displays the discipline and training level of the initial airway-management provider and the successful airway providers. Pediatric residents were engaged as an airway-management provider in 23% of the initial courses while they were the successful airway providers in 12%.
Approach to Establish Stable Airway
Provider and Successful Airway Management
Non-physician frontline clinicians (nurse practitioners and respiratory therapists) were engaged as primary airway providers in 9% of all initial courses.
Exploratory Analysis to Identify Factors Associated With TIAEs
Patient, practice and provider factors were evaluated for their association with TIAEs ( Table 5) . Patient history of difficult airway, diagnostic category at the time of airway management, unstable hemodynamics as an indication for airway management, use of vagolytics and pediatric resident (vs. pediatric critical care fellows) as an initial airway provider were associated with occurrence of any TIAEs. Diagnostic category, oxygenation or ventilation failure, and unstable hemodynamics as an indication for airway management are associated with the occurrence of severe TIAEs. Initial airway management by a non-physician frontline clinician was associated with fewer occurrences of any TIAEs. Elective procedure as an indication for airway management is associated with fewer occurrences of severe TIAEs.
DISCUSSION
This is the first multicenter report to describe the current TI practice in PICUs in North America. A novel operational definition and self-reporting system were successfully implemented with high compliance across 15 PICUs as a multicenter NEAR4KIDS quality improvement registry. We documented that the primary airway management in pediatric ICUs was usually performed with orotracheal intubation and with administration of both sedatives and paralytics. More than 95% of the initial courses resulted in success, but 20% were associated with TIAEs and approximately 6% were associated with severe TIAEs. Patient, practice, and provider Figure 2 . A, Method for primary courses. *Paralysis only includes the patients who were already receiving sedatives before the airway management course was initiated. **Awake/no medication includes the patients who were receiving resuscitation or those who were already receiving sedatives before the airway management course was initiated. b, Medication for primary courses (n = 1,715). C, Device for the first course and the successful courses. *Indirect laryngoscope includes unguided video laryngoscope such as Glidescope or guided device such as Airtraq. **ETT = endotracheal tube. Other includes the pediatric emergency medicine fellows, other pediatric fellows, and nonpediatric critical care medicine attendings.
factors associated with occurrences of any TIAEs and severe TIAEs were also identified. The safety profile of tracheal intubation in the PICU is different from that in the operating room (OR) or in the emergency department (11, 26) . For instance, even those encounters with the elective procedure as an indication, the prevalence of TIAEs approaches 6%, whereas pediatric TI in the OR for elective cases seems to be extremely safe. This substantial difference in risk clearly reflects the variation in the patient, practice, and provider factors between the OR and the PICU. The surprising finding of cardiac arrest in more than 1% of all courses in the pediatric ICUs are also a reflection of the severity of illness in this population of patients necessitating TI.
Our findings are consistent with the report from a singlecenter study using the same operational definitions (15). Nishisaki et al reported the incidence of TIAEs in 19% of all encounters, as well as the incidence of severe TIAEs (3%) from a tertiary-care academic children's hospital. That single-center study also reported esophageal intubation with immediate recognition as the most common TIAE, occurring in 9% of all courses, and consistent with the currently described multicenter report.
However, the complication rate in this investigation was lower than described by Carroll et al (9) . In their single-center retrospective study from a free-standing children's hospital PICU, the prevalence of complications was 41%. They included 137 urgent and emergent non-OR intubations over 2 yr. Emergent intubations occurred more often during off-hours (5 PM-8 AM). The most common complications were desaturation defined as less than 90% (29%), hypotension (16%), and bradycardia (7%). In their multivariate analysis, three or more attempts of intubation, emergency intubation, and off-hour intubation are associated with complications. Interestingly, those complications were not associated with prolonged ICU stay or duration of mechanical ventilation.
There are several important differences between the study by Carroll and the current investigation. First, we prospectively captured all intubations that occurred in the PICUs during the study period using a clearly documented site-specific compliance plan. This procedure minimized any reporting biases and enhanced accuracy of the data. In addition, capturing all TIs, including the 15% that were performed electively, may have lowered the incidence of adverse events in our report. Second, the definition of adverse events was different in the two studies. Importantly, our definition of TIAEs does not include oxygen desaturation as a TIAE. The lower adverse event rate (19%) in the current study may be a reflection of a difference in the definition of adverse events. Interestingly, 14% of courses in our cohort were associated with substantial desaturation (<80%) despite an initial saturation after oxygenation of more than 94%. Using Carroll's definition (desaturation less than 90%), 20% of the TIs in our series would have been associated with this complication. Third, our current report includes all TIs from 15 PICUs across North America. There was a significant difference in the prevalence of TIAEs (range 0%-41% for TIAEs, 0%-20% for severe TIAEs) across the units in our data as each PICU has different patient, practice, and provider profiles. Further studies need to evaluate this site-level variability to identify site-specific characteristics associated with fewer TIAEs.
We also identified specific patient, practice, and provider factors associated with the occurrence of TIAEs and severe TIAEs. This information is crucial when we develop a bundled quality improvement intervention to decrease TIAEs. We plan to use these factors as potential targets for interventions. One critical point is that the factors associated with TIAEs are not independent, resulting in the potential for confounding. For instance, it is a common practice to have practitioners with higher level of training perform the tracheal intubation when the patient is unstable or has a history of difficult airway. This can potentially increase the incidence of TIAEs among experienced practitioners. Another example is the use of vagolytics (anticholinergics). A significant association of vagolytic use with an occurrence of TIAEs seems to reflect the current practice to use vagolytics in more unstable patients to prevent bradycardia. Although clinical expertise can be applied to understanding the potential contributing factors, future analyses should address those nonindependent variables with confounding effects. An important consideration in analysis of these data is the preventability of TIAEs. Some TIAEs such as esophageal intubation or process variance (multiple attempts) are likely associated with technical skills of the primary airway provider. Other TIAEs, such as cardiac arrest (with or without return of spontaneous circulation) are most likely related to unstable patient condition rather than the technical skill of the providers. TIAEs such as these may not be preventable, but in some instances, the occurrence of TIAEs may be reduced by improving the technical skills of the providers, patient interventions and resuscitation prior to airway management (27) , or alteration of medication selection to minimize the hemodynamic effects of intubation.
Despite the strengths and interesting findings, our study results should be interpreted with caution. The data are selfreported. Although each participating center follows their compliance plan to assure complete capture and an accurate data report, we cannot rule out the possibility of reporting bias. Our report does not contain the mid-term and longterm effect of tracheal intubation associated events on patient outcomes such as duration of mechanical ventilation or ICU stay. We are in the process of collecting those data. Our data set does not contain detailed clinical description of each case with severe TIAEs. Therefore, judging the preventability of those TIAEs is difficult from multicenter perspective. Instead, it should be further discussed as a quality improvement activity at each PICU using their local NEAR4KIDS data.
Additionally, the NEAR4KIDS data do not represent all PICUs in North America. Instead, this investigation reports the experience in academic PICUs. It is important to note that the majority of PICUs in the United States are small (≤ 8 beds), nonacademic PICUs although there has been a recent trend toward larger ICUs (28) .
In summary, tracheal intubation in PICU occurs every 3.4 days and our NEAR4KIDS multicenter registry was feasible to document procedural process of care and safety outcomes associated with these airway interventions. The vast majority of the tracheal intubations are successful. Adverse TIAEs occurred frequently, in 20% of all courses, with severe TIAEs being less common. Process of care variances such as desaturation less than 80% or multiple attempts (three or more attempts) were associated with occurrence of TIAEs. Multiple patient, provider, and practice factors were identified as associated with the occurrence of TIAEs and represent potential targets for quality improvement interventions that are currently under development. 
